Introduction
Cellular responses are connected to the cytoskeleton organization during the transduction of mechanical signals to the extracellular matrix [1] . Studying the traction forces of cells are the precursor for determining the signaling pathways of the cells. Liquid crystal based cell traction force sensor has been recently developed to probe the traction of single cells without the need for ligand coatings [2] . Cholesteryl ester liquid crystals used were characterized to be non-toxic [3] , linearly viscoelastic (shear rate < 1 s -1 ), with elastic modulus of 87.1 ± 17.2 kPa and sensitive to the forces exerted by cells down to nano-Newton range [2] [3] [4] . The principle of this force sensing technique is based on the deformation lines induced by single quiescent cells in the liquid crystal surfaces. This technique has been shown successful in sensing changes of traction forces in relation to single dose cytochemical treatments [4] . The time events represented in force map enabled the speed of cellular responses to cytochalasin-B and EDTA-trypsin to be monitored [5] . It serves as a powerful tool in studying the effects of molecules binding to the specific receptors that could trigger downstream regulation of mechano-transduction in cells. Nonetheless, our previous publication has shown the applicability of this technique in mapping traction forces related to two interacting cells [6] . This technique has been shown to be effective to detect localized traction forces of lowly contractile cells.
The applicability of this technique to measure the traction forces of other cell types will be investigated. In this paper, we extend our work by studying the traction forces of quiescent osteosarcoma cell lines (MG-63) and human keratinocyte cell lines (HaCaT). These two cells were sourced from different parts of human body. MG63 is an osteoblasts-like or human bone cells that are widely used and are known to retain a differentiated phenotype in culture conditions [7] . In vivo, these cells are specifically found in the malignant osteoid in which osteoid is the unmineralized bone matrix formed prior to the formation of matured bone tissue [8] . Human keratinocytes are epithelial cells found in the epidermis in which they are the cells involve with proliferation and epithelialization during the wound healing process [9] . Measuring traction forces of these cells set the basis for the study of the cell's signaling pathways associated with mechnotransduction.
Materials and Methods
Human bone cell line MG-63 (osteoblast-like cells), originally isolated from human osteosarcoma were used in the study and they were acquired from European Collection of Cell Cultures (ECACC) from a 14-year old male patient. HaCaT purchased from Cell Line Service (CLS) were originally obtained from the skin of a 62-year old male and the depositor was from DKFZ, Heidelberg [10] . Both cells were maintained in Dulbecco's modified Eagle's Medium (DMEM) supplemented with L-Glutamine (2 mM, Sigma Aldrich, UK), penicillin (100 units/ml, Sigma Aldrich, UK), streptomycin (100 mg/ml, Sigma Aldrich, UK), Fungizone (2.5 mg/l, Sigma Aldrich, UK) and 10 % Fetal Calf Serum (Promocell, UK). Sub-cultures of HaCaT and MG-63 were maintained in two separate 25 cm 2 cell culture flask of tissue-culture (TC) graded. After reaching confluency, they were split using the following procedures. The old media of the culture flask with confluent cells was removed from the cell culture flask and the flask was washed three times with 5 ml Hank's Balanced Salt Solution (HBSS). After washing, the cells were detached from the culture flask surface with trypsin (0.5 mg/ml) in an incubator at 37 o C for 4 minutes. Culture media was then added into the culture flask to halt the trypsinization process. Subsequently, the cell suspension was centrifuged for 5 minutes at 1600 rpm. After centrifugation, the supernatant was discarded and the pellet of cells was re-suspended with 5 ml of DMEM. HaCaT and MG-63 at a density of approximately 500 cells/cm 2 was deposited into two separate petri dishes, respectively, each containing a liquid crystal substrate as prepared and reported in [2] . After seeding the cells on the liquid crystal substrates, 6 ml of supplemented DMEM cell culture media was added to each petri dish and incubated at 37 o C for 24 hours. After 24 hours of incubation, the responses of the LC to cell adhesion were studied at 25x magnification in a GDX-2 phase contrast microscope which was mounted with a VisionCX digital camera. Experiments for each cell type were repeated three times. A custom-built cell traction force measurement and mapping (CTFM) software was used to map the cell traction forces distributed in both cell types using linear interpolation [2, 6] . The algorithm used to quantify the cell traction force was based on the length of the liquid crystal deformation line induced by the cell exerted force [2] .
Results and discussions
In this work, cell traction force microscopy based on liquid crystal based force transducing technique was used to study the traction forces of osteoblast-like (MG-63) and human keratinocyte (HaCaT) cell lines. Cell traction force was computed based on the deformation line induced by focal adhesions of cells in the surface of the linear visco-elastic liquid crystals [6] . The advantage of using this technique over previous presented techniques is that the liquid crystal substrate has the sensitivity to detect localized forces [2] . Figure 1 shows the distinct behavior of both cell types cultured on petri dishes and liquid crystal substrate surface. When cultured on the petri dishes, HaCaT projected polyhedral morphology as compared with the elongated MG-63 (Fig. 1a-b) . However, the morphology of both cell types experienced drastic changes when they were cultured on the liquid crystals with an elastic modulus of 87.10 ± 17.2 kPa [2] . HaCaT cell lines can have arbitrary shapes (Fig. 1c) while MG-63 cells expressed round morphology (Fig. 1d ) when both were seeded on the petri dishes. Due to the remodeling of their morphology, the force distributions in both cells were altered in adapting to the change of the external microenvironment. The elastic modulus of the liquid crystals is close to the elastic modulus of the skin epidermis [11, 12] and the stiffness supported the adhesion of HaCaT cell lines. This is a typical behavior of cell in bi-lateral mechano-sensing and mechano-transducing [13] . When cells attached to a surface, the adhesion proteins (paxillin, vinculins and talin) and cytoskeleton system interfaced with the extracellular 40 Nanoscience, Nanotechnology and Nanoengineering matrix (ECM) function as sensory elements in conveying the stiffness information of the external environment to the nucleus [14] . This information will be processed and the subsequent signaling will be send downstream in relation to the mechano-transduction in deciding the type of the cytoskeleton organization should be taken by the cell in order to sustain survival according to the physio-chemical properties of the matrix. The organization of actin filaments of HaCaT and MG-63 cells is quite different which is related to their roles in-vivo. HaCaT cells are rich with stress fibers which facilitates them for migration and re-epithelialization during skin wound healing [9, 15] . MG-63 cells are mutated osteoblasts (bone cells) dwelling together with normal osteoblasts that synthesize and deposit uncalcified osteoid or new bone matrix. The presence of MG-63 in osteosarcoma could impair the mineralization of osteoid and retard the process in new bone generation. Uncalcified osteoid of healing bone has a low elastic modulus of 10 -90 kPa [16] . Similarly, in order to survive at the stiffness of liquid crystals (~87 kPa), MG-63 could change their phenotype and reorganize their actin stress fibers in adapting to a low compliance microenvironment. On soft substrate, most actin fibers and focal adhesions of cells can be disassembled [1, 17] . Interestingly, both cell types are able to attach to the liquid crystal substrate without the pretreatment with adhesion ligands such as laminin, fibronectin or collagen as required by other techniques [18] . As reported previously [19] [20] [21] , cells could attach to a surface via their selfgenerated adhesion proteins. By using liquid crystal as an adhesion substrate, it can be used a reference material to probe the traction forces of various cells. This technique excludes the argument on the variability of ligand density and substrate stiffness in affecting the phenotype of the cells on a substrate [22] . In Fig. 2 , HaCaT and MG-63 cultured on the liquid crystal substrate are round and both express forces at the perimeter of the cell membrane but the pattern of forces are different. The forces distribution in HaCaT cell lines are polarized (Fig. 2a-b) and dependent on the cell shapes [6] . The traction force of this HaCaT cell example reached up to 85 nN. In MG-63 (Fig. 2b) , the forces are distributed regularly at the periphery of the cell membrane with a maximum force of 40 nN. In comparison to HaCaT, MG-63 expresses lower traction forces (Fig. 2) . The distinct force patterns of both rounded cells represented by the lining of the deformation lines (Fig. 2 a, c) indicate that they may have different arrangement of actin filaments. Previous study [23] showed that epithelial cells in-vivo and in-vitro are characterized by short circumferential actin filaments that are contractile along the perimeter of the cell membrane and the existence of diffused circumferential filaments were also observed when HaCaT cells were cultured on the liquid crystals Advanced Materials Research Vol. 832 [2] . MG-63 are osteoblast like cells were discovered with specific actin cytoskeleton structure which works with a unique mechanism [24] . cell biologists begin to evidenced that similar osteosarcoma (U2OS) has actin filament arrangement in which, dorsal stress fibers tied with focal adhesions and connected in oblique to the curved actin filament bundles or transverse arc [15, 24] . The dorsal stress fibers are non-contractile but able to transmit forces parallel to the cell membrane via the contraction of the transverse arc [15, 24] . This may explain the well distributed forces around the periphery of MG-63 that may have similar cytoskeleton arrangements (Fig. 2c-d) . In terms of the magnitude of cell forces measured, HaCaT and MG-63 expressed traction forces in the range of 0-200 nN and 0-90 nN, respectively (Fig. 3) . The results show that HaCaT are more contractile in comparison to MG-63 after culturing on a soft substrate. In normal osteoblasts, stress fibers are majorly found parallel to the cell surface next to the osteoid but in contrast these stress fibers were found lack in mutant osteoblasts [8] . The less prominent expression of stress fibers may reduce the contractility of MG-63 (osteoblasts like cell) as it is observed with low traction forces distributed regularly around the periphery of cell (Fig. 2c-d) . This result suggests that the cytoskeleton could be similar to the well space of dorsal and ventral actin filaments reported in [24] . 
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Conclusion
This paper presented the feasibility of using liquid crystal based cell force microscopy technique to measure and mapping the traction forces of HaCaT and MG-63. The technique used is simple and without the need of pre-coating with extracellular matrix proteins. Cells experienced phenotypic changes and remodeled their cell bodies in accordance to the stiffness of liquid crystals which is close to the stiffness of their in-vivo microenvironment. The traction forces expressed by human keratinocytes are relatively higher in comparison with osteoblast-like cells that maybe associated with different arrangement of actin filaments found in the both cell types. This work shows the versatility of liquid crystal based force sensor in detecting forces of HaCaT and MG-63 cell lines.
